Abstract In May 2016, an occurrence of grey mould rots was observed on harvested green bean pods after 3-5 days of storage in refrigerator in Gangneung, Gangwon Province, South Korea. The symptoms observed were water-soaked grey lesions with white to greyish mycelium on infected pods. The fungus was isolated from infected pods and cultured on potato dextrose agar (PDA). For identification of the fungus, we examined morphology, sequenced a portion of the rDNA and three nuclear protein coding genes and confirmed its pathogenicity according to Koch's postulates. The results of morphological examinations, pathogenicity tests and DNA revealed that the causal agent was Botrytis cinerea. This confirms postharvest grey mould rot of green bean in Korea.
Green bean (Phaseolus vulgaris) is an economically important food crop worldwide under the legume family Fabaceae. Generally, green mature pods are cooked and eaten as a vegetable, but immature pods are marketed as fresh, frozen, or canned, whole or cut. Botrytis cinerea (teleomorph Botryotinia fuckeliana) is a filamentous fungal pathogen with a broad host range (more than 200 species) that causes grey mould rot disease on a variety of dicotyledonous plants, including many vegetables, fruits, ornamental flowers, and greenhouse plants (Elad 1997; Jarvis 1977) . The pathogen is a necrotroph, inducing host cell death resulting in serious damage to plant tissues culminating in rot of the plant (Govrin and Levine 2000; Dean et al. 2012) . Botrytis spp. are often considered a cool weather pathogen with best growth, sporulation, spore release, germination, and establishment of infection occurring at an optimum of 18 to 23°C. The infections often cannot be detected at harvest but develop rapidly under the moist conditions encountered during storage and transport, even at low temperature as 0°C (Romanazzi et al. 2016) . In this study, we identified the causal agent of post-harvest grey mould rot of green bean based on morphological characteristics, phylogenetic analysis, and pathogenicity.
In May 2016, an occurrence of grey mould rots was observed on harvested green bean pods after 3-5 days of storage in refrigerator at 4°C and 80% relative humidity in Gangneung, Gangwon Province, South Korea. The symptoms observed were water-soaked grey lesions with white to greyish mycelium on infected pods and finally rotten the pods (Fig. 1a) . Diseased tissue was excised and surface sterilized by immersion in 1% sodium hypochlorite (NaOCl) for 1 min, rinsed three times with sterilized distilled water, placed on potato dextrose agar (PDA, Difco) plates, and incubated at 20 ± 2°C. To obtain pure cultures, hyphal tips were excised after 4 days growth and transferred to new PDA media and incubated at 20 ± 2°C for 7 days. A total of six morphologically similar fungal isolates were obtained from six samples of grey moulds of green bean, and of these, isolate GBGM003 was examined for identification. Fungal colonies on PDA at 20°C were initially white but turned grey to dark grey with abundant conidia, after 7 days (Fig. 1c) . Conidia (n = 50) were single-celled, ellipsoidal or ovoid, 5.1 to 8.5 × 5.2 to 9.8 μm on PDA (Fig. 1e ). Conidiophores arose singly or in groups, straight or flexuous, septate, with an inflated basal cell and brown to light brown, and measured 12.1-26.3 × 109.1-410.5 μm. After 3 weeks, the fungus formed several black sclerotia ranging from 1.2 to 4.3 × 1.1 to 3.5 mm (n = 20) near the edge of the Petri dish (Fig. 1d) . The morphological characteristics of the identified species are summarized in Table 1 . A representative isolate (GBGM003) was deposited in Korean Agricultural Culture Collection, National Institute of Agricultural Science, Rural Development Administration, Wanju, South Korea (KACC48151), to be used for further studies.
To conduct the pathogenicity test, inoculums was prepared by harvesting conidia from 2-week-old cultures on PDA. A conidial suspension (1 × 10 6 conidia/ml) was sprayed onto two young pods that were wounded by piercing with a sterilized needle. Another two wounded pods were sprayed with sterilized water, serving as controls. Inoculated all pods were placed on moist filter papers in a plastic box and incubated in a growth chamber at 20°C and 90 ± 10% relative humidity. Five days after inoculation, water-soaked lesions with grey conidia developed on inoculated pods, whereas control pods were symptomless (Fig. 1b) . The pathogenicity test was repeated with similar results. The pathogen was successfully reisolated from inoculated pods, fulfilling Koch's postulates.
Genomic DNA of isolated fungus was extracted using DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA, USA) following the manufacturer's instructions. DNA sequence of internal transcribed spacers (ITS1 & ITS2) and 5.8S ribosomal DNA and the three nuclear protein-coding genes glyceraldehyde-3-phosphate dehydrogenase gene (G3PDH), heat-shock protein 60 gene (HSP60) and DNA-dependent RNA polymerase subunit II gene (RPB2) were amplified using primer pairs ITS1 (5′-TCCGTAGGTGAACC TGCGG-3′)/ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) Fig. 1 Post-harvest grey mould rot on green bean. a Symptoms of post-harvest grey mould rot caused by Botrytis cinerea b grey mould rot developed 7 days after artificial inoculation c one-weekold colony of B. cinerea on potato on PDA d black sclerotia developed on PDA e conidia (White et al. 1990 ), G3PDH-F (5′-ATTGACATCGTCGC TGTCAACGA-3′)/G3PDH-R (5′-ACCCCACTCGTTGT CGTACCA-3′), HSP60-F (5′-CAACAATTGAGATT TGCCCACAAG-3′)/HSP60-R (5′-GATGGATCCAGTGG TACCGAGCAT-3′) and RPB2-F (5′-GATGATCGTGATCA TTTCGG-3′)/RPB2-R (5′-CCCATAGCTTGCTTACCCAT-3′) (Staats et al. 2005) , respectively. The polymerase chain reaction (PCR) was performed in a 25 μL reaction mixture containing 0.5 μL of each primer (10 pmol/L), 0.5 μL of Taq DNA polymerase (Bioneer, Korea), 0.5 μL of each dNTP (10 mM), 2.5 μL of 10× PCR reaction buffer, 18.5 μL of distilled water, and 2.0 μL of template DNA. The reaction was performed in Mastercycler Gradient (Eppendorf, Germany). The following thermo cycling pattern was used to amplify ITS region: an initial preheat at 94°C for 4 min, followed by 35 cycles of denaturation at 94°C for 35 s, annealing at 52°C for 55 s, and extension at 72°C for 1 min, terminating with a final extension at 72°C for 10 min. The PCR cycle conditions were 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 90 s and a final elongation step at 72°C for 10 min for HSP60 and RPB2 gene segments. The same program with an annealing temperature of 64°C was applied to amplify the G3PDH gene. The obtained nucleotide sequences were searched by using BLASTn available from the GenBank database (http:// www.ncbi.nlm.nih.gov/BLAST/). Phylogenetic analysis was performed by using the MEGA6 program (Tamura et al. 2013) with the neighbor-joining method (Saitou and Nei 1987) .
BLAST analysis of the resulting approximately 500-bp rDNA sequence, 883-bp G3PDH sequence, 1015-bp HSP60 sequence and 1093-bp RPB2 sequence were obtained. The sequences for the representative isolate GBGM003 have been deposited in the NCBI database (GenBank accession no. KY070583 for ITS-5.8S rDNA, KY070584 for G3PDH, KY070585 for HSP60, and KY070586 for RPB2). Blast analysis showed that the rDNA, G3PDH and HSP60 sequences of isolate GBGM003 were identical to those of B. cinerea accession numbers KP255842, KF015583 and KM016534, respectively. The RPB2 sequence from isolate GBGM003 was 99% similar to B. cinerea reported on GenBank (accession number KF857477). In the phylogenetic tree based on combined rDNA, G3PDH, HSP60, RPB2 sequences, the representative isolate was placed within a clade comprising reference isolates of B. cinerea (Fig. 2) . Based on symptoms, a morphological characteristic, phylogenetic analysis and pathogenicity, this fungus was identified as B. cinerea (Ellis 1971; Ellis and Waller 1974; Barnett and Hunter 1972; Zhang 2006) . This fungus has been reported on leaves and/or pods infected in field conditions in different countries, such as Bulgaria, China, Canada, Korea and New Zealand (Farr and Rossman 2017 ), but has not been reported in Korea as a post-harvest pathogen. This study demonstrates that B. cinerea is a causal agent of post-harvest grey mould rot of green bean in Korea.
